Identifing an insect specimen is a crucial step in forensic entomology. As the stages and species of insect discovered on a corpse, such as Calliphoridae and Sarcophagidae, provides evidence for estimation of postmortem interval (PMI). However, morphologically distinguish may on occasion be impossible to the adult flies and nymphs of the same genus. A molecular method used the cytochrome oxidase subunits one (COI) sequence on mitochondrial DNA was established for sarcophagid species identification. In this study, a 272 base pair region of mitochondrial DNA (mtDNA) coding for COI was investigated for identification of the following forensically important sarcophagid flies. The specimens were from four families, including 8 Boerttcherisca Peregrina (Robineau -Desvoidy,1830) specimens of Boettcherisca, 2 Parasarcophaga similis (Meade, 1876) specimens, 4 Parasarcophaga albiceps (Meigen, 1826) and 8 Parasarcophaga dux (Thompson, 1869) specimens from Parasarcophaga. Phylogenetic analysis indicates that this partial COI region successfully identified all samples species to species group. Low levels of variation between some species indicate that sarcophagid flies from more locations should be studied in the future and local database set up are strongly recommended in China.
he major purpose of forensic entomology is to provide useful information for investigation of murders and suspicious deaths by helping to determine time, manner and place of death [1] . The use of different species of insects found on the human corpses at different phases after death as forensic indicators is increasingly applied around the world [2] . However, larvae and adults are very similar in morphology among species of the same genus, so accurate species identification has a very practical application in estimating the PMI.
Published studies of forensically relevant flies mainly focus on Calliphoridae [3] [4] [5] [6] , as they are generally the first arthropods to locate and oviposit onto a corpse. Flesh flies, such as genus Sarcophaga, can fly under inclement conditions that would prevent the Calliphoridae [6] .
Sarcophagidae are one group of insects that are commonly found in investigations of human remains. According to Smith [7] , some species of sarcophagid family are frequently recorded as among the first insects to arrive at a body.
Death scenes from which flesh fly larvae have been recovered vary from ones with relatively fresh remains to much older mummified corpses [8] . According to Introna et al. [9] , the postmortem interval (PMI) of charred remains was calculated based on third instar of Bercaea africa (Sarcophaga haemorrhoidalis). According to Wells et al. [10] , Sarcophagidae may be the only carrion-fly larvae found on a body that is physically isolated, e.g., covered by garbage.
The Sarcophagidae or flesh flies (Diptera) comprise over 2,500 species in over 100 genera globally, with many species being carrion breeders and initial corpse colonizers [11] . Unequivocal identification of fly specimens is an important first step in forensic-entomological analysis [12] . T Traditional morphological keys are unavailable or difficult to use for many immature stages of these insects or even adult specimens, such as some female Sarcophagidae [7] . For many sarcophagid species it is only the adult males that can be identified with certainty. Sarcophagids larvae are easily recognized at family and generic level, but are morphologically remarkably similar subgenerically and inter-specifically [13] . Therefore, some authors have proposed a DNA-based method for forensic sarcophagid species identification [10, [14] [15] [16] [17] . The use of DNA techniques can not only provide a suitable alternative but may also give information on population substructures [18] . This identification can be carried out on any lifecycle stage without further rearing and on dead, preserved or live samples. DNA techniques are also relatively insensitive to the methods of preservation or age of samples [19] .
Mitochondrial DNA (mtDNA) has been widely used for analyses of metazoan phylogenetic relationships at various axonomic levels, because of the lack of intermolecular recombination, its maternal inheritance, the relatively rapid evolutionary rate, and the large numbers of copies [18] . The mtDNA analysis of forensically relevant insects focuses mainly on the cytochrome oxidase subunits one (COI) [10, 17, [20] [21] [22] . Even partial sequences of this COI gene have been proven to have sufficient discrimination power [23] , which makes it particular suitable for forensic applications.
The knowledge of local fauna is very useful in forensic investigations because data from other regions, which may have both different environmental and faunal characteristics, may not provide a sufficient degree of accuracy [24] . However, molecular data available with respect to the sarcophagid flies are very limited in China. To this day, few genetical species identification studies on Sarcophagidae in China have been published yet. The goal of this study is to research the utility of COI for identification of four forensically important sarcophagid fly species and accumulate genetic data for the database of sarcophagid flies in China.
Materials and methods 1. Specimens 22 dried adult sarcophagid fly specimens in two genera of family Sarcophagidae (Diptera), from the species S. peregrine, S. similis, S. dux, S. albiceps, were obtained from 13 districts of 10 provinces in China during the year 2007 to 2009. Another two dried adult specimens of Musca domestica (Diptera: Mascidae) were obtained from Xi'an (Shannxi) and Yongzhou (Hunan) in the year 2009. All samples were trapped using animal (rabbit, dog or pig) corpse-baited traps, stored at room temperature by air drying, and were identified to subfamily level using traditional morphological characters by entomologist. Specimens used in this study are listed in Table 1 .
The southernmost collection location is Wanning located in Hainan province, SA (18°80′, 110°39′,), the northernmost and westernmost location is Urumqi in Sinkiang municipality, SA (43°46′, 87°36′).
DNA extraction, polymerase chain reaction (PCR) methods and nucleotide sequencing
The thoracic muscle of each fly was isolated for DNA extraction by using the CTAB protocol improved by Skevington [25] . The head and abdomen of each specimen was retained to check its identity. DNA was resuspended in 50ul of 1×TE buffer [1×TE buffer, pH 8.0; 10mM Tris-HCl, 1mM EDTA, pH 8.0] and stored at 4°C.
All of the COI sequences were aligned using the sequence alignment program DNASTAR (Lasergene version 7.1.0). Conserved regions of the alignment were evaluated and marked. The most commonly occurring nucleotides at each position of the conserved sequence were selected and put in the primer design program Primer Premier 5.0. The general primer-design rules were considered to avoid false priming and primer-dimer formation in cross-family PCR.
A portion of 272bp fragment of the mitochondrial COI gene was amplified and sequenced by using forward primer (5'-CAGATCGAAATTTAAATAC-TTC-3') and reverse primers (5'-GTAT-CAACATCTATTCCTAC-3'). Table 1 . Locality and reference data of Specimens newly sequenced for this study.
The PCR reaction volume was 25μl, containing 1-5μl (20-40ng) of template DNA, 12.5μl 2×GoTaq® Green Master Mix (4μl dNTP (1mmol/ml), 1.0u Taq polymerase, 2.5μl 10×buffer (Mg 2+ 1.5mmol/l)), 0.25-2.5μl each primer (10μM), Nuclease-Free Water added to a total volume of 25 μl. PCR amplifications were performed in a Thermo Cycler (Perkin-Elmer 9600) and programmed with the following parameters: initial step at 94°C (3 min), continued for 30 cycles of 94°C (30s) and 50°C (30s for mt-rDNA annealing) and 72°C (30s). An elongation of PCR products by 72°C for 5min completed the reaction.
PCR products were purified with QiaQuick PCR Purification Kit (Qiagen). Columns cycle sequencing was performed on both forward and reverse strands using ABI PRISM Big Dye Terminator Cycle Sequencing Ready Reaction Kit by ABI PRISM 3730 (Applied Biosystems). And the sequencing agent was BigDye terminator v3.1. Sequence chromatograms were edited and discrepancies between forward and reverse sequences resolved using Sequence Navigator (v1.01, Applied Biosystems).
The resulting sequences were compared with the Diptera sequences in the NCBI web site by Blastn function to identify species. The sequences have been deposited in GenBank by Sequin (http://www.ncbi.nlm.nih.Gov/equin/index.html）and the accession numbers are listed in Table 1 .
As the sequences were protein coding and did not contain any insertions or deletions, all resultant sequences in this study were aligned using ClastalW (see: http://www.ddbj.nig.ac.Jp/Email/clastalw-e.html). 
Sequencing analysis
A total of 272 aligned sites for the 22 fragments of the mitochondrial COI sequences were included in the analyses. We tested whether the sequences were of mitochondrial origin or represented paralogous sequences resident in the nucleus using MEGA4 [26] . The evolutionary history was inferred using the Neighbor-Joining method [27] . The bootstrap consensus tree inferred from 500 replicates is taken to represent the evolutionary history of the taxa analyzed [28] . The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree.
The evolutionary distances were computed using the Maximum Composite Likelihood method [29] and are in the units of the number of base substitutions per site. Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated from the dataset (Complete deletion option). Neighbor-joining analysis was performed using the Tamura-Nei model of substitution and bootstrapping (n=500) conducted using MEGA4. 
Results

Alignment of COI sequences
This COI region was straightforward to both amplify and sequence. A 272-bp fragment of the COI gene was sequenced from 22 specimens, representing 4 main species of Chinese Sarcophagidae. And the alignment of all specimens considered in this study lacked any insertion or deletion and revealed 194 variable positions on 272 analysed (Figure 1 ).
All COI sequences were aligned through the program DNASTAR (Lasergene version 7.1.0), before the final adjustments were made by eyes. The same bases were marked dark, while the different ones were marked light.
Phylogenetic analysis
A total of 272 aligned sites for the COⅠ sequences were included in the analyses. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (500 replicates) was shown next to the branches, which provides an indication of the percentage support for a grouping by randomly resampling the data. The optimal tree with the sum of branch length = 0.19286740 is shown.
Two Musca domestica (Linnaeus, 1758) samples belonged to family Mascidae were used as outgroup for phylogenetic analyses (Table 1 ). These two specimens clustered together with a supporting bootstrap of 100%, and they were clearly separated from the family Sarcophagidae in phylogenetic tree (Figure 2) .
Several distinct congeneric clusters were formed based on the sequence data. The high bootstrap values (100%) provide an indication of good percentage support for the grouping nodes of S. peregrina, S. similis and S. albiceps. Within the S. dux species, 2 specimens from Yongzhou (GU269982, HM016686) and 1 specimen from Changsha (HM016689) were clustered together with the support value of 100%, as they were all obtained in province Hunan.
More over, the low support values among the S. dux specimens from Datong (HM016685), Urumqi (HM016687), Xining (HM016688) and Wanning (HM016690, GU269984) showed their difference based on geographical reason. 
Interspecific and intraspecific variation
All results were based on the pairwise analysis of the 22 sequences. Analyses were conducted using the Maximum Composite Likelihood method in MEGA 4.0 [26, 29] . Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated from the dataset (Complete deletion option). Pairwise divergence between species was calculated and was showed on in Table 2 . And variation among all individuals of the species was calculated. The number of base substitutions per site from analysis between sequences was shown. The overall average of all specimens was 0.05.
In Table 2 , levels of interspecific variation varied from 5% to 9%. The maximum and minimum levels of divergence between the S. peregrina and S. similis were both 5%, that of S. peregrina and S. dux were 6% and 5%, that of S. peregrina and S. albiceps were both 9%, that of S. similis and S. dux were 7% and 6%, that of S. similis and S. albiceps were botn 8%, that of S. dux and S. albiceps were both 6%. The mean values of interspecific variation between every two species were as follows: the values between S. peregrina and S.similis, S. peregrina and S. dux were both 5%, that of between S. peregrina and S. albiceps was 9%, that of between S. similis and S. dux was 6%, that of between S.similis and S. albiceps was 8%, that of between S. dux and S. albiceps was 6%. However, no significant intraspecific variation was observed within each of these four sarcophagid species. All the minimum, maximum and mean intraspecific variation was 0%.
Discussions
In this study, the DNA extraction and sequencing of all specimens were finished. Hit the species of Sarcophagidae family could be distinguished through the variation in COI sequence. From the bootstrap support for each group and the level of nucleotide divergence between groups, it is thus evident that these gene sequences have potential for identification of sarcophagid flies. We assessed the COI sequence as a potential marker for the identification of Sarcophagidae family flies from China. And the results indicated that the used technique is as effective as morphological method in identification of Sarcophagidae family species, while, in order to acquire correct identification, the morphological method needs expertise in specialized taxonomy [30] , yet the technology used mtDNA is easier to perform and saving more time. Moreover, the limited amount of the insect tissue in this study made the possibility for further morphological study and genetic analyses.
The monophyletic separation of S. peregrina, S. similis and S. albiceps in the phylogenetic tree ( Figure 2 ) confirmed the sufficient resolution of the genetic marker. The three species groups of Sarcophagidae were separated and the bootstrap values were all 100%. However, the S.dux samples from Datong (HM016685), Urumqi (HM016687), Xining (HM016688) and Wanning (HM016690, GU269984) were clustered together with weak supporting values. From Figure 1 we can see that these S. dux samples exits variation in some bases. The species of S. peregrina and S. similis which were formed two single clade respectively with high support value of 72% indicated the similarity of these two species in China. In the interspecific variation analyze, the lowest value was also between S. peregrina and S. similis, however, these two species were from two different generagenusBoettcherisca and Parasarcophaga. Therefore, low levels of variation between some species indicate that more sarcophagid species from more locations should be studied in the future.
The values of interspecific variation between other species were higher, which indicated the efficacy of COI to identify the species from different genus of Sarcophagidae family. Furthermore, the values between S. similis, S. dux and S .albiceps of the same genus Parasarcophaga were larger than 5%, which could distinguish these three species. This also supported the finding of Harvey et al. [31] who used the 1270 bp region of the gene of COI to effectively identify Lucilia sericata and Lucilia cuprina from the same genus Lucilia. However, the length of COI sequence used in this study was only 272 bp.
It is thus evident that these gene sequences have potential for identification of sarcophagid flies. In the intraspecific variation analyze, no significant intraspecific variation was observed within each of these four sarcophagid species. The reason might be this COI sequence is too short to supply sufficient amount of information. In addition, the sample size is relatively small, so more samples need to be collected from different location in the future study. Although the utility of this COI fragment for intraspecific identification was showed to be ineffective, the main purpose that we designed this COI fragment is to carry out interspecific identification. Moreover, this short fragment was amplified more easily compared to other long-fragment. Some entomologists recommended combined analysis of different mtDNA fragments for Diptera species identification [32] . The combined analysis of COI and COII fragments is a more accurate approach for Diptera species identification than single mtDNA fragment analysis [21, 23] .
A further COI and COII combined analysis would be carried out to explore Chinese sarcophagid species identification in future study. The sarcophagid family is a part of a larger taxonomic group, and seven species were considered to be forensiclly important in China, including S. peregrina, S. albiceps, and S. dux [33] . The knowledge of the fauna is very useful in forensic investigations because data from other regions, which may have both different environmental and faunal characteristics, may not provide a sufficient degree of accuracy [24] . As we all know, the prevalent sarcophagid species in different provinces are different. Therefore, molecular data should be accumulated for the future implementation of Chinese Sarcophagidae as a tool in forensic investigations.
Conclusions
This study indicated that the short partial COI region has sufficient discrimination power for Sarcophagidae identification. Future work with more Sarcophagidae family species from other parts of China could indicate the examination of more variable mitochondrial genes, and then improve the molecular method for identification of forensically important Sarcophagidae species.
